Abstract On July 14th, 2017, the first Norwegian scientific satellite NorSat-1 was launched into a high-inclination (98 • ), low-Earth orbit (600 km altitude) from Baikonur, Kazakhstan. As part of the payload package, NorSat-1 carries the multi-needle Langmuir probe (m-NLP) instrument which is capable of sampling the electron density at a rate up to 1 kHz, thus offering an unprecedented opportunity to continuously resolve ionospheric plasma density structures down to a few meters. Over the coming years, NorSat-1 will cross the equatorial and polar regions twice every 90 minutes, providing a wealth of data that will help to better understand the mechanisms that dissipate energy input from larger spatial scales by creating small-scale plasma density structures within the ionosphere. In this paper we describe the m-NLP system on board NorSat-1 and present some first results from the instrument commissioning phase. We show that the m-NLP instrument performs as expected and highlight its unique capabilities at resolving small-scale ionospheric plasma density structures.
Introduction
Due to solar extreme ultraviolet (EUV) radiation the upper terrestrial atmosphere is partly ionized. This part of the atmosphere is called the ionosphere and is, due to energy input from even higher altitudes, often structured across a multitude of spatial scales (e.g. Kintner and Seyler, 1985) . Generally, ionospheric plasma structuring is poorly understood. At high latitudes the general consensus seems to be that as regions of high-plasma density, so-called polar cap patches which are created near the dayside cusp region, drift across the polar cap driven by ionospheric convection (Buchau et al, 1983; McEwen and Harris, 1996; Moen et al, 2007; Oksavik et al, 2010; Zhang et al, 2015; Moen et al, 2015) , their trailing edges provides favorable conditions for the growth of a macroscopic plasma instability called the gradient drift instability (GDI) (Simon, 1963; Tsunoda, 1988) . As this instability breaks up the drifting plasma density gradient associated with the polar cap patch (Weber et al, 1984; Basu et al, 1990; Gondarenko and Guzdar, 2004b) , it creates plasma density structures on a variety of spatial scales ranging from kilometers down to meters Guzdar, 2004a, 2006) . These plasma density structures can then, if they are large in amplitude, introduce scintillations onto trans-ionospheric radio signals (e.g., Rino, 1979) . Contrast this knowledge with a large statistical study that finds no evidence for enhanced scintillation levels inside the polar cap at Global Navigation Satellite Systems (GNSS) frequencies, even when there is clear evidence of polar cap patches as shown in Clausen et al (2016) . In the European Arctic sector, enhanced GNSS scintillation levels are attributed to high TEC levels in the auroral oval, at day and night (Jin et al, 2014 (Jin et al, , 2015 (Jin et al, , 2016 .
Our knowledge about plasma structuring in the equatorial region is slightly better. Equatorial spread F (ESF) (Woodman and La Hoz, 1976 ) is now understood to be a consequence of the generalized Rayleigh-Taylor (GTR) instability acting on the edges of rising "bubbles" of low plasma density. Most of the large-scale ionospheric plasma models for ESF deal with fluid-like or hybrid approaches, where the dynamics of the ionospheric plasma or some of its species are treated as continuum describing macroscopic (bulk) properties of the plasma species (e.g., Huba et al, 2008) . Such an approach has recently been successful in describing plasma dynamics and formation of ESF in the low-latitude ionosphere; in fact, with initial parameters from radars, these models can now predict the general evolution of ESF (Hysell et al, 2015) . However, these models omit kinetic effects linking the results to the smallest scales that can only be constrained by measurements at meter-scale resolution. There are still important open questions regarding the link across scale sizes, e.g., by what mechanism energy cascades from larger (10-100 kilometer) to smaller (10's of meters) scales and what initiates the instability (Woodman, 2009) . It is also unclear whether meter-scale irregularities are really just drifting passively with the background plasma as has been commonly assumed (Hysell et al, 2009 ). Furthermore, we are lacking a comprehensive understanding of the day-to-day variability in the ESF occurrence. Also, the average spatial distribution of the small-scale density irregularities associated with this phenomenon is hitherto largely unknown (Rodrigues et al, 2009 ).
Essentially all our knowledge about ionospheric plasma density structures with scale sizes of a few tens to hundreds of meters was derived from indirect measurements. It was shown, for example, that electromagnetic signals received on the ground frequently contains fluctuations in amplitude and phase, so-called scintillations (Hey et al, 1946) . These are imposed on the signal as the wave travels through an ionosphere that contained plasma density irregularities. These irregularities would locally alter the refractive index and therefore cause minute differences in the travel time for selected parts of the wave front, combining to cause sometimes significant signal distortions. It was hypothesized that plasma density structures at scale sizes around the Fresnel scale, i.e. a few hundred meters for typical frequencies used for GNSS, are most effective in causing signal scintillations.
In the last 50 years, sounding rocket instruments overcame the usual bandwidth limitations of satellites and provided plasma density measurements with sub-km resolution in the polar and equatorial region (e.g. Kelley et al, 1982; LaBelle et al, 1986; Hysell et al, 1994; Spicher et al, 2014 , and references herein)). However, these studies can only speak to the specific situation during the rocket flight lasting a few minutes, and allow only a limited outlook towards the average picture of ionospheric structuring. Since continuous in situ measurements with sufficient resolution to resolve plasma density irregularities with a size of a few meters were not available, much of our knowledge about small-scale ionospheric structuring is therefore based on the analysis of signals received on the ground. While from a standpoint of applied science such studies give an overview of the spatial distribution of the regions where signal distortions for different satellite systems can be expected, they provide only limited insight into the physical processes that cause them.
Previous high-resolution in situ exploration of the plasma density at equatorial latitudes has mainly been realized with rockets (Kelley et al, 1982; LaBelle et al, 1986) . Since the magnetic field at the equator is horizontal (essentially aligned North-South), a vertical rocket flight cuts through the vertically stratified ionosphere in the same manner as a satellite crossing high-latitude magnetic field lines. The studies mentioned above show that the spectrum of small-scale plasma density fluctuations exhibits a knee towards smaller scale sizes, indicating the presence of energy input at larger scales and energy dissipation at smaller scales; the low-frequency part of the spectrum is often related to the GTR instability, while the steepening is usually attributed to diffusion, drift waves (LaBelle et al, 1986) , or wave steepening (Hysell et al, 1994 ) although this connection is tenuous due to the lack of continuous data.
The NorSat-1 satellite
With one of the aims to open a new era in ionospheric research, the first Norwegian scientific satellite NorSat-1 was launched from Baikonur, Kazakhstan on July 14th, 2017. NorSat-1 is a multi-payload micro-satellite (∼16 kg, 23 cm × 39 cm × 44 cm) that was commissioned by the Norwegian Space Center (NSC) and built by the University of Toronto, Institute for Aerospace Studies (UTIAS-SFL). The schematic drawing of the NorSat-1 satellite is shown in Figure 1 , where X, Y and Z coordinates represent a satellite body coordinate system. The satellite was launched into a polar orbit at approximately 600 km altitude where it is expected to operate for at least three years. While its main objective is to monitor maritime traffic in Norwegian waters using a Automatic Identification System (AIS) receiver made by Kongsberg Seatex, NorSat-1 also carries two scientific instruments: 1) a Compact Lightweight Absolute Radiometer (CLARA) made by Physikalisch-Meteorologisches Observatorium Davos/World Radiation Center (PMOD/WRC)
With the m-NLP on board the NorSat-1 satellite is an ideal candidate to study the highlatitude and low-latitude ionospheric plasma. With its sampling rate of up to 1 kHz, the m-NLP instrument aboard the NorSat-1 satellite provides an unprecedented opportunity to investigate plasma density structures down to a few meters at LEO. Science objectives of the NorSat-1 satellite using the m-NLP instrument are: -Primary objective:
• Identify and quantify the mechanisms that cause the generation of small-scale ionospheric plasma density structures. -Secondary objectives:
• Map the global spatial characteristics of meter-scale plasma structures in the ionosphere and their dependence on meso-and large-scale ionospheric drivers.
• Provide physical understanding of ionospheric structuring mechanisms as the foundation for scintillation forecasts.
• Understand spacecraft/ionosphere interaction and its impact on in situ plasma density measurements
The m-NLP measurement data will be combined with data from the Super Dual Auroral Radar Network (SuperDARN) and the Defense Meteorological Satellite Program (DMSP) satellites to get the 'big picture' context of the ambient plasma. Over the following years, the satellite will cross the equatorial and polar regions twice every 90 minutes, providing a wealth of data that would be able to help us better understand the mechanisms that dissipate energy input at larger scales by creating small-scale plasma density structures within the ionosphere. In this preliminary paper, no attempt is made to clarify the causes for ionospheric plasma structuring. Instead section 3 presents the m-NLP instrument and its implementation on NorSat-1. In-orbit instrument validation is described in section 4 and examples of the preliminary results from the m-NLP system are shown in section 5. Section 6 concludes the paper.
Instrument description
Since its first flight on board the ICI-2 sounding rocket from Svalbard in December 2008 (Lorentzen et al, 2010; Moen et al, 2012; Oksavik et al, 2012) , the m-NLP instrument has been flown on sounding rockets over 10 times Lynch et al, 2015; Spicher et al, 2016) . It is also on board 11 cubesats of the European QB50 constellation . In this section, the instrument measurement principle and its implementation for the NorSat-1 satellite are presented.
Measurement principle
Langmuir probes have been widely used as diagnostic instruments for both laboratory and space plasma (Boggess et al, 1959; Brace et al, 1973; Chapkunov et al, 1976; Brace, 1998) . A representative current-voltage (I-V) characteristic curve of a Langmuir probe is shown in Figure 2 , where three operational regions of electron saturation, electron retardation and ion saturation are separated by the plasma potential, V p , and the floating potential, V f . MottSmith and Langmuir (1926) presented the orbital-motion-limited (OML) theory, which deals with collisionless electron and ion trajectories surrounding a spherical or a cylindrical probe. This approach provides a quantitative understanding of the cross-sections for electron and ion collection. Traditional Langmuir probe designs sweep through a range of voltages to obtain the I-V characteristic curve, from which the plasma parameters including ion density, electron density and electron temperature can be derived. However, sweeping takes time and makes this approach unsuited for high spatial resolution measurements.
The m-NLP design uses four cylindrical probes biased at different fixed voltages within the electron saturation region such that the currents to these four probes can be sampled at a much higher rate, resulting in high-resolution plasma density observations. The electron saturation current of a cylindrical probe with its radius much smaller than the Debye shielding distance given by the OML theory is as following:
where N e is electron density, k B is Boltzmann constant, T e is electron temperature, e is electron charge, A is probe surface area, m e is electron mass and V is probe bias potential, V b , with respect to the plasma potential, i.e. V = V b -V p . It is noted that the equation used above is valid under the assumption of a non-drifting, collisionless and non-magnetized plasma. At the altitude of the NorSat-1 orbit all three assumptions are typically fulfilled since (1) the thermal speed of the electrons is much larger than the speed of the spacecraft relative to the plasma; (2) the mean free path of the electrons is far greater than both the probe radius and the scale length of the electric potential distribution around the probe; and (3) the Larmor radius is much larger than the probe radius. The current collection expression is a function of the applied bias potential relative to the plasma potential. The probe bias is relative to a common electrical ground, which is connected to the conductive parts of satellite surface so the signal ground is as same as the floating potential of the payload platform. The measurement method of the m-NLP system handles at least two probes biased at two different voltages over the plasma potential to determine the absolute electron density as:
where K is a constant given by
, ∆ (I c ) 2 is a difference in the square of collected currents and ∆V b is a difference in the probe biases . A key feature of the m-NLP technique is an ability to determine the electron density without the need to know the plasma potential or electron temperature. Under certain conditions, the m-NLP is capable of monitoring the spacecraft potential and its variations as described in Bekkeng et al (2013 Bekkeng et al ( , 2017 .
As the m-NLP probes collect high-mobility electrons from the surrounding space plasma, the spacecraft will inevitably charge up, and could potentially begin to repel incoming electrons if a sufficient charge is achieved. Furthermore, the bias to the probes, which is relative to the spacecraft potential, might no longer fall within the electron saturation region, thereby compromising the assumptions underlying the m-NLP measurement principle as described above. Thus the NorSat-1 satellite was designed to have as much conductive surface area on the platform as possible.
Probe and boom system design
The NorSat-1 m-NLP instrument consists of four individual probes, each of which has a diameter of 0.5 mm and length of 25 mm. Each probe comes along with a bootstrapped section with 2 mm in diameter and 15 mm in length. The probes were designed to be much smaller than the Debye length of a few to tens of millimeter for common ionospheric plasma conditions. All the probes and bootstraps are carbon coated to provide a uniform material work function for all probes. Each bootstrapped section of the instrument has the same bias as the accompanied probe to mitigate edge effects. Due to the instrument delivery schedule for the spacecraft system integration and a significant delay in the launch, the instrument was exposed to the Earth's atmosphere for about one and a half years, possibly causing probe surface contamination. However, the probes are cleaned by solar heating and ion sputtering over its mission in orbit. Furthermore, the work in Hoang et al (2017) showed that the m-NLP probes are barely affected by contamination due to water vapor impurities in space. To ensure a good measurement performance against likely impacts of contamination, in-flight probe performance validation by sweeping probe biases is regularly executed.
One of the main design challenges of the m-NLP instrument aboard NorSat-1 was getting the probe tips in an area of undisturbed space plasma. As the spacecraft moves along its orbit, it creates a 'plasma wake' in the opposite direction of travel. Because this 'plasma wake' is poorly understood and hard to predict, the probe tips are desired to be placed on long protruding booms, in an effort to place the tips as far out into the undisturbed plasma as possible.
The NorSat-1 m-NLP probe tips are placed on long deployable booms, whose overall length is limited to the length of the spacecraft itself. Two identical Langmuir probe cassettes are included on NorSat-1, each housing two probes. The cassettes have a total length of 400 mm, base width of 25 mm and height of 23 mm. The booms have a length of 370 mm, including the probes, and are held down by a uniquely designed mechanism. Through spring preloads, the booms are forced to stay stowed. Using a space qualified shape memory alloy pin-puller from TiNi Aerospace Inc., the preloaded spring mechanism can be released in orbit via a ground command, allowing it to perform a half-turn, and consequently pushing both booms out with a large enough force to reach their fully deployed positions. Once fully deployed, each of the booms would lock in place via a locking pin. This cassette design is shown in Figure 3 . While Figure 3(a) shows the boom system in stowed position, the boom system in deployed position is illustrated in Figure 3(b) . Structural analysis of the boom system has been performed using AutoCAD Inventor and NASTRAN. The analysis results indicate that the first modal frequency of the system is at around 1800 Hz. Within a typical vibration band of 20-2000 Hz, the boom system is regarded as stiff. Experimental vibration tests at Kongsberg Norspace company have validated the analysis. The boom system was tested at 43 Grms maximum out-of-plane without any issues. NorSat-1 deployed the boom system four days after launch, and the recorded boom deployment current for one of the two cassettes is shown in Figure 4 . The m-NLP payload current increased by about 572 mA at 12 V power supply for a short period of less than 90 ms during the deployment. The payload booms and probes after deployment are given a minimum clearance to the spacecraft platform or other payload equipment of about 15 cm. 
Electronics design
Since the m-NLP probes are very small, the electronics are designed to have a good sensitivity and a low noise floor for very low collected currents. The instrument provides a current measurement resolution of 1 nA and can measure the electron density from 10 8 -10 13 m -3 .
To get a good signal-to-noise (SNR) at significant lower electron densities, e.g. 5×10 8 m -3 , an automatic gain switch control (AGSC) is implemented with a digitally adjustable gain in five discrete steps from 1 to 500. While the m-NLP electronics design for the NorSat-1 satellite is not radiation hardened, a Microsemi ProASIC3L flash-based field-programmable gate array (FPGA) has been used instead of an SRAM-based FPGA for increased radiation tolerance in the LEO environment. The m-NLP electronics block diagram is given in Figure 5 . Due to the highly sensitive AIS receiver onboard NorSat-1, radiated electromagnetic emissions by the m-NLP payload in the 156.0 to 162.5 MHz region are required to be less than -130 dBm. Thus connectors with built-in C-filters are used at both interfaces with the NorSat-1 onboard computer (OBC) and the m-NLP probe. The selected filter connectors have an insertion loss of about -45 dB in the specific region. Currents collected by the probes are converted to voltages and amplified in a pre-amp block. The voltage signals then pass through a low-pass filter to eliminate high frequency noise before going to an Analog-toDigital converter (ADC). The output digital data are subsequently sent to the OBC through a satellite interface block. By default the data format is 16-bit, but can be adjusted by a ground command. The voltage bias of probe is set by a Digital-to-Analog converter (DAC) controlled by the FPGA. Figure 6 (a) depicts the m-NLP electronics system fabricated for NorSat-1. All electronics are fitted on a single printed circuit board, 125×94 mm, placed inside an enclosure shown in Figure 6 (b). The enclosure is located inside the spacecraft body. The cassettes, booms and electronics enclosure are all Alodine 1200 coated aluminum 7075 and directly connected to the spacecraft chassis. Inside the electronics enclosure, an electromagnetic interference (EMI) shield is additionally used to cover the digital part, FPGA and memory. The NorSat-1 platform can supply an unregulated voltage from 10 -13 V, with a nominal value of 12 V, and a maximum of 1.8 A current continuously to the m-NLP payload. The payload power consumption is verified to be less than 1 W on average throughout the normal operation. During scientifically unfavorable conditions the payload might be switched off to save power and telemetry (TM) resources. There are two main modes of operation for the m-NLP instrument on NorSat-1, a normal mode and a sweep mode. The normal mode is implemented for high-resolution electron density measurement. In this mode, the m-NLP probes are biased at different fixed voltages, which are expected to lie above the plasma potential in order to make the probes operate in the electron saturation region. Either raw probe current data or onboard computed electron density and spacecraft potential data, can be downloaded depending on the down-link capacity. The second mode is a sweep mode, which is occasionally used for instrument validation. In this mode all probes are simultaneously swept from -10 V to +10 V in 128 steps. The step time can be adjusted from 1 ms to 255 ms. Since all probes are swept simultaneously, it is not possible to fully characterize the perturbation of the spacecraft potential during the sweep.
The m-NLP instrument includes a telemetry and command interface to the spacecraft bus. By default at power-up, the baud rate is 230.4 Kbps with an absolute accuracy under all conditions of better than +/-50 ppm. The packet structure is compatible with the Nanosatellite Protocol (NSP) which has been developed by UTIAS-SFL (Tuli et al, 2006) .
Instrument calibration
The complete electronic system was calibrated in the laboratory prior to flight in order to ensure that all biases for each channel were calibrated to zero. Each measurement channel was connected to a Keithley Model 2635 low-current source meter instrument. Input to the instrument is a stepped current ranging from -50 nA to 2 µA, in steps of 10 nA. Compensation of the NorSat-1 data based on the pre-flight calibration is given by:
where I cal is the calibrated current measurement in nA, DV is digital value from the ADC. The coefficients a and b for each probe with different gain settings is given in Table 1 .
In-orbit validation
The m-NLP has been validated in orbit by running the sweep mode. The validation was done when NorSat-1 flew over the equatorial region. The sweep mode data are demonstrated in Figure 7 (a) on a linear-scale and in Figure 7 (b) on a logarithmic scale. Since currents measurements at biases lower than -9 V are unreliable, we omitted the data in the plot. It can be seen that while the collected currents of the probe 2, 3 and 4 are relatively similar, the probe 1 current is higher. A possible reason could be variations in the probes' surface due to the long exposure time in the Earth's atmosphere before launch. An alternative reason is that the measurement was done when the probes 2, 3 and 4 were inside the 'plasma wake', whereas the probe 1 was outside. Further runs of the sweep mode are required for better data interpretation. Assuming the ambient plasma is homogeneous during the validation period, we analyzed the I-V curves in Figure 7 to estimate the electron density and temperature. The value of the floating potential, V f , is determined by the point where the total collected current goes to zero. The first-order derivative of the electron current with respect to bias voltage is taken to roughly estimate the plasma potential, which locates at the maxima within the derivative. The region limited by the floating potential and plasma potential is the electron retardation region, where the electron temperature, T e , is calculated. The electron temperature is determined from the slope of the exponential growth of the electron current by least squares fitting of the data as shown in Figure 7 (b). The electron density is determined using Eq. 2. The floating potentials measured by all probes are at around -2.1 V to -1.7 V. While the electron density measured by the probe 1 is 4.90×10 11 m -3 , the other three probes estimate more or less the same electron density of about 3.5×10 11 m -3 . The electron temperature is estimated to lie between 961 K and 2000 K. Although some uncertainties still remain, these calculated values lie within the expected range for the equatorial ionosphere, thus showing that the m-NLP is performing as expected.
Preliminary results
The m-NLP does not operate continuously on NorSat-1 since all instruments on the satellite cannot run simultaneously, mainly due to limited bandwidth and power. Data collection on some of the m-NLP operational periods are reported in this paper. Figure 8 shows the data of the m-NLP instrument recorded on August 30th, 2017. The four Langmuir probes were biased at 3 V, 4 V, 5 V and 6 V, and sampled at 400 Hz. Even though the m-NLP instrument has the highest sampling rate of 1 kHz on the NorSat-1 satellite, we have been using 400 Hz during the first stage of the commissioning phase. Collected currents from the four probes and calculated electron density are respectively shown in Figure 8 (a) and (b). The spacecraft floating potential is shown in Figure 8 (c), the spacecraft's geographic latitude and longitude are shown in Figure 8 (d). It can be seen that the data presented in Figure 8 were collected as the satellite crossed over the northern polar region. The spacecraft attitude is presented in Figure 8 (e), where V x , V y , V z are normalized velocity vectors in X, Y and Z direction of the satellite body coordinate system (see also Figure 1 ). It can be seen that during this period the satellite was continuously pointing toward the Sun. Figure 8(a) shows that the collected current from the probe biased at 3 V is negative before 21:00:00 UT, meaning the probe mainly collected positive ions. This is because the spacecraft potential is negatively charged to about -3.5 V as indicated in Figure 8 (c). The vertical dotted line marks the location of the boundary between day-and nightside, i.e., the point at which the satellite passed from sun-lit conditions into darkness. Before entering the Earth's shadow, the NorSat-1 potential fluctuated around -3.5 and -3 V (see Figure 8(c) ). Just after NorSat-1 left the auroral region and entered the eclipse, all probe currents dropped significantly and recovered shortly thereafter. A possible reason for this behavior could be the sudden lack of emission of photoelectrons due to the absence of sunlight. Further investigations into this phenomenon are currently underway. Figure 8(b) shows that the electron density fluctuated significantly between 21:10 UT and 21:13 UT -as indicated by the position of the spacecraft, this is likely due to the crossing of the auroral region. A closer look at the electron density measurement for 1 s duration from 21:14:25 -21:14:26 UT is shown in Figure 8 (f), where small-scale ionospheric plasma density structures are observed. These structures lie at the heart of the scientific investigation made possible by the m-NLP onboard NorSat-1. Figure 9 shows a global view of the plasma environment variation along the NorSat-1 orbit on September 15th, 2017. Electron density measured by the m-NLP instrument is compared to that derived from the International Ionosphere Reference (IRI-2016) model, which is an empirical model providing estimates of ionospheric parameters from an altitude of 50 to 2000 km (Bilitza et al, 2014 (Bilitza et al, , 2017 . Major data sources of the IRI model are the worldwide network of ionosondes, powerful incoherent scatter radars, the ISIS and Alouette topside sounders, and in-situ instruments flown on many satellites and rockets. As can be seen from Figure 9 , there is a quite good agreement between the measurements and the model. There are still discrepancies in other ionospheric regions. In particular, the IRI model possibly underestimates the electron density in the auroral region (Moen et al, 2008) . Since ionosondes are an essential data source for the IRI model, the IRI model is known to be less accurate at high and low latitudes, where the ionosonde coverage is lower compared to mid-latitudes (e.g., Bilitza and Reinisch, 2008) .
Conclusion
An overall description of the multi-needle Langmuir probe (m-NLP) instrument aboard the NorSat-1 satellite is presented in this paper. The instrument is capable of measuring the plasma density and spacecraft potential at up to 1 kHz sampling rate, which allows the resolution of plasma density structures at spatial scales of a few tens of meters in low-Earth orbit. Data from the sweep mode shows that plasma parameters calculated from the obtained I-V curves are within the expected range. We plan future in orbit instrument validation by comparing the m-NLP derived plasma density with measurements obtained from the ground by incoherent scatter radars. Overall, the preliminary data presented here indicate a good performance of the m-NLP on board NorSat-1. The electron density measured along the NorSat-1 satellite's orbit was compared with that derived from the IRI-2016 model. While there are still some discrepancies, the comparison results indicate quite good agreement between those two approaches. The IRI model is believed to underestimate the electron density in the polar cap/auroral region.
With its high-inclination orbit of 98 • , NorSat-1 carrying the m-NLP system is an excellent candidate to study the high-latitude and low-latitude ionospheric plasma. A complete data set is expected to be acquired over the mission lifetime that will allow addressing the main scientific objectives through statistical studies. It is reasonable to believe that studies using high-resolution NorSat-1 plasma density data will lay the foundations for an operational scintillation forecast, which has a desired long-term goal to predict the quality of trans-ionospheric radio waves, such as those used in Global Navigation Satellite Systems. With such forecasts, the probability of groundings, accidents, and collisions at sea and in the air are reduced, thereby reducing the probability of environmental pollution, injuries, and loss of life, especially in the Arctic region. 
